526Rec'dPC!7PT0 26JUL2000 



■ORW PTO-1390 (Modified) U.S. DEPARTMENT OF COMMERCE PATENT AND TRADEMARK OFFICE 

(REV 10-95) 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 

4297 



u s APPLICATION NO. (IF KNOWN, SEE 37 CFR 

09/601062 



INTERNATIONAL APPLICATION NO. 

PCT/IL99/00045 



INTERNATIONAL FILING DATE 

25 January 1999^ 



PRIORITY DATE CLAIMED 

26 January 199S 



TITLE OF INVENTION HIGH EFFICIENCY RECOVERY PROCESS AND APPARATUS FOR THE 
PYROLYSIS TREATMENT AND HALOGENATION OF MULTI-ELEMENT WASTE ^ 



APPLICANT(S) FOR DO/EO/US 

Ariel ROSENBERGS 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 

L S This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 
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' VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR 1.9(f) AND 1.27 (b)) - INDEPENDENT INVENTOR 


Docket No. 
4297 


Serial No. 
09/601,062 


Filing Date 
July 26, 2000 


Patent No. 




Issue Date 



Applicant/ Ariel ROSENBERG 
Patentee: 



Invention : HIGH EFFICIENCY RECOVERY PROCESS AND APPARATUS FOR THE PYROLYSIS TREATMENT 
HALOGENATION OF MULTI-ELEMENT WASTE 



As a below nanned inventor, I hereby declare that I qualify as an independent inventor as defined in 37 CFR 1.9(c) for 
purposes of paying reduced fees under section 41(a) and (b) of Title 35, United States Code, to the Patent and 
Trademark Office with regard to the invention entitled above and described in: 

the specification to be filed herewith. 

the application identified above. 

the patent identified above. 

2 I have not assigned, granted, conveyed or licensed and am under no obligation under contract or law to assign, grant, 
i convey or license, any rights in the invention to any person who could not be classified as an independent inventor 
=^ under 37 CFR 1.9(c) if that person had made the invention, or to any concern which would not qualify as a small 
^ business concern under 37 CFR 1 .9(d) or a nonprofit organization under 37 CFR 1 .9(e). 

Each person, concern or organization to which I have assigned, granted, conveyed, or licensed or am under an 
obligation under contract or law to assign, grant, convey, or license any rights in the invention is listed below: 

IS No such person, concern or organization exists. 

□ Each such person, concern or organization is listed below. 

g *NOTE: Separate verified statements are required from each named person, concern or organization having 
rights to the invention averring to their status as small entities (37 CFR 1 .27) 

FULL NAME 

ADDRESS ZZZIZZZZIIZIIZ^ZII^^ 

□ Individual □ Small Business Concern □ Nonprofit Organization 

FULL NAME 

ADDRESS ZIZ]^ZIZZZIIIIZIIIZZZII^ 

□ Individual □ Snnall Business Concern □ Nonprofit Organization 

FULL NAME 

ADDRESS ZZIZZZIIZ^^ 

□ Individual □ Small Business Concern □ Nonprofit Organization 

FULL NAME 

ADDRESS ZZZZZZ^ZZ^IZ!!^ZIZZZ^ 

□ Individual □ Small Business Concern □ Nonprofit Organization 
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I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitlennent to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1 .28(b)) 


1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or Imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application, 
any patent issuing thereon, or any patent to which this verified statement is directed. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

IN THE MATTER OF: 
APPLICANT: Ariel ROSENBERG 
ORDER/DOCKET NO. 4297 

FOR: HIGH EFFICIENCY RECOVERY PROCESS AND APPARATUS FOR THE 
PYROLYSIS TREATMENT AND HALOGENATION OF MULTI-ELEMENT WASTE 

JULY 24, 2000 

PRELIMINARY AMENDMENT 

Hon. Commissioner of Patents 

and Trademarks 
Washington, DC 20231 

SIR: 

In an effort to reflect the amendments made in the Intemational Phase of this apphcation 
before the European Patent Office, Applicants would hke to make the following amendments in 
U.S. style so as to be certain to reflect properly that which was amended during the Intemational 
Phase: 

IN THE SPECIFICATION 
Page 4, insert the following paragraphs between lines 2 and 3 as follows: 

- - WO 97/29214 discloses a process for the separation of metals from incinerated 
garbage residue and slag, the residue and slag from garbage incinerated pyrolysis being heated at 
over 650 °C under reducing conditions together with substances containing chlorines or 
chlorides, such as flue gas cleaning residues, CaCl2 from the production, cooking salt, organic 
solvents or electroplated sludge containing chlorine, whereupon copper chlorides and volatile 
heavy metal chlorides are drawn off in the gas phase. 
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USP 4,317,800 discloses a process for reducing environmental pollution resulting from 
disposal of waste-containing halogenated hydrocarbons by some simultaneous treatment with 
used metal and/or metal scrap at elevated temperatures. The halogenated hydrocarbons are 
pyrolyzed, and the resulting hydrogen halide-containing gas is brought into contact with the 
metal at elevated temperatures so as to form halogenites that are volatile under the conditions 
supplied. 

WO 95/33686 discloses a method for extracting metals from metal-containing materials, 
especially waste, by pyrohydrolysis. The metal-containing materials are made to react at 700- 
1 lOO^'C, with gas a composition comprising 25 - 45% water vapor, 0.1% carbon dioxide, 2 - 
20% hydrogen chloride and 0-15% carbon monoxide, the remainder being nitrogen and possibly 
oxygen, and the metals are extracted in the form of volatile metal chlorides. 

WO 95/22373 discloses a method for removing pollutants consisting of heavy metals and 
toxic elements from fly ash and few purification residues resulting from waste incineration. The 
waste is subjected to chlorination, thermal treatment, sulfixration for the twofold purpose of the 
removal and concentration of a fraction containing heavy metals and toxic elements. - - 

IN THE CLAIMS 

Please cancel claims 1 - 43 and substitute therefore claims 44 - 84 as follows: 

- - 44. A highly efficient recovery process for the treatment of multi-element wastes 
which comprises the steps of: 

a) a primary heat treatment of the waste in the presence of a controlled amount of oxygen; 

b) after the completion of said heat treatment, halogenation of the product of said heat 
treatment by treatment with chlorine, bromine or a mixture thereof, in the presence of a 
halogenation catalyst; and 
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c) separation of the metal halide products of said halogenation, 

45. A process according to claim 44 in which said multi-element waste is unsorted. 

46. A process according to claim 44 in which the waste to be recovered is such that has 
been mechanically prepared in a process which includes any one or more of the steps of 
shredding, crushing, milling and briquetting. 

47. A process according to claim 44 in which said primary heat treatment further 
comprises mechanically agitating the waste during said treatment. 

48. A process according to claim 44 in which the primary heat treatment is carried out in 
such a way that any one or more of the actions selected from the group which consists of 
evaporation of water and/or organic material, carbonization, destruction and/or cracking of 
organic material, and reduction of metal oxides to metals and/or metal carbides, are achieved. 

49. A process according to claim 44 in which the primary heat treatment is carried out 
under atmospheric pressure or higher pressure, optionally in the presence of gases, preferably 
hydrogen, capable of cracking the organic or inorganic material. 

50. A process according to claim 44 in which at least a portion of the heat energy 
afforded in the primary heat treatment is used in the halogenation reaction. 

51. A process according to claim 44 in which at least a portion of the product of the 
primary heat treatment is used as a catalyst in the halogenation reaction. 

52. A process according to claim 51 in which said products to be used as catalysts are 
selected from the group which consists of carbon, bromine, carbon, CO, CO2 and SO^ and NO^ 
compounds, 

53. A process according to claim 44, wherein the primary heat treatment is performed in 
an oven. 
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54. A process according to claim 53, wherein said oven is at a temperature of less than 
about 1000°C. 

55. A process according to claim 44, wherein the primary heat treatment is performed 
in a metallic molten bath. 

56. A process according to claim 55, wherein said molten bath is at a temperature of 
between 500"C and 1600X. 

57. A process according to claim 44 which fiirther comprises a secondary heat 
treatment comprising heating the gaseous flow which resuhs from the primary heat treatment to a 
temperature of more than 1200°C. 

58. A process according to claim 44 in which said halogenation step further comprises 
mechanically agitating the waste during said step. 

59. A process according to claim 44 in which the halogenation reaction is performed at 
a temperature of between ambient temperature and 1500 ""C. 

60. A process according to claim 44 in which the halogenation reaction is performed at 
a temperature of between 300°C and 1500°C, and preferably between 700°C and 750°C. 

61 . A process according to claim 44 in which the waste comprises a substantial 
percentage of any of the metals selected from the group which consists of Ag, Pt and Pd, and the 
halogenation reaction is performed by using a mixture of bromine and chlorine. 

62. A process according to claim 61 in which said mixture of chlorine and bromine 
comprises between 93% and 99% chlorine and the remainder is bromine. 

63. A process according to claim 44 in which at least a portion of the excess halogen 
gas remaining from the halogenation reaction is recycled back to the halogenation chamber. 
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64. A process according to claim 44 in which the separation of the metal haUdes is by 
means of any one or more of the group selected of gaseous or liquid fractional deposition, 
distillation, fractional distillation, filtration, selective chemical vapor deposition, settling, 
selective oxidation , selective halogenation, selective evaporation, selective dissolution and 
selective extraction. 

65. An apparatus for a high efficient recovery process for the treatment of multi- 
element wastes, which comprises; 

I) a primary heat treatment chamber (3); 

II) a halogenation chamber(9); and 

III) a separation unit (1 1 to 15) connected to said halogenation chamber; 

IV) said primary heat treatment chamber comprising a waste inlet (2), a flue-gas 
outlet (20) and means of heating; and 

V) said halogenation chamber comprising a means of heating, a halogen 
compound inlet (10) and an outlet (16). 

66. An apparatus according to claim 65 in which the flue-gas outlet of said primary 
heat treatment chamber is connected to said halogenation chamber by means of a conduit, which 
comprises a valve. 

67. An apparatus according to claim 65 in which said separation system comprises 
one or more of the units selected from the group which consists of fractional deposition unit, 
distiller, filter, settler, selective chemical vapor deposition unit, selective oxidation chamber, 
selective halogenation chamber, evaporation chamber and selective dissolution unit or any 
combination thereof. 

68. An apparatus according to claim 67, wherein the separation system comprises 
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fractional deposition unit or selective chemical vapor deposition unit. 

69. An apparatus according to claim 65 in which said separation system is a gaseous 
fractional deposition system; the inlet of which is connected to the outlet of said halogenator by 
means of a conduit. 

70. An apparatus according to claim 69 in which the outlet pipe comprised in the 
fractional deposition system is connected directly to the halogenation chamber, and said pipe 
comprises a one-way valve in the direction from the fractional deposition system to the 
halogenation chamber. 

71. An apparatus according to claim 65 which ftirther comprises a secondary 
combustion chamber (5) and a heat exchanger (8); said secondary combustion chamber 
comprising a means of heating, a gas inlet, an air inlet, and a flue gas outlet; said gas inlet of said 
secondary combustion chamber being connected by means of a conduit to the flue gas outlet of 
said primary heat chamber; said heat exchanger comprising an inlet and an outlet; the flue gas 
outlet of said secondary combustion chamber being connected by means of a conduit to the inlet 
of said heat exchanger. 

72. An apparatus according to claim 71 which ftirther comprises a scrubber, a filter, a 
blower and a stack; said scrubber comprising an inlet and an outlet; the outlet of said heat 
exchanger being connected by means of a conduit to the inlet of said scrubber; said filter 
comprising an inlet and an outlet; the outlet of said scrubber being connected by means of a 
conduit to the inlet of said filter; said blower comprising an inlet and an outlet; the outlet of said 
filter being connected by means of a conduit to the inlet of said blower; said stack comprising an 
inlet and an outlet; the outlet of said blower being connected by means of a conduit to the inlet of 
said stack. 
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73. An apparatus according to claim 72, wherein the scrubber and the filter are 
connected to the halogenation chamber by means of conduits to recycle material recovered and 
collected by said scrubber and filter to said halogenation chamber. 

74. An apparatus according to claim 72 in which said filter is selected from the group 
which consists of fabric filter, electrostatic filter, and high temperature filter. 

75. An apparatus according to claim 67 which fiirther comprises any one or more of the 
units selected from the group which consists of shredder, crusher, mill, briquetter doser, and 
sludge feeder which are connected to the primary heat treatment chamber providing that the 
outlet of the xmit connected to the primary heat treatment chamber is connected to the inlet of 
said primary heat treatment chamber by means of a conduit; further providing that in the event 
that said apparatus comprises two or more of the above units, said units are connected 
suceedingly in any combination and/or order and are coimected so by means of conduits. 

76. An apparatus according to claim 65 which fiirther comprises any one or more of the 
units selected from the group which consists of shredder, crusher, mill, briquetter, doser and 
sludge feeder which are connected between the primary heat treatment chamber and the 
halogenation chamber; providing that the outlet of the unit which is connected to the 
halogenation chamber is connected to the inlet of said halogenation chamber by means of a 
conduit; fiirther providing that the outlet of the primary heat treatment chamber is connected to 
the inlet of the unit which is connected to said primary heat treatment chamber by means of a 
conduit; fiirther providing that in the event that said apparatus comprises two or more of the 
above units, said units are connected suceedingly in any combination and/or order and are 
connected so by means of conduits. 
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77. An apparatus according to claim 65 in which said primary heat treatment chamber 
further comprises a means of agitating material. 

78. An apparatus according to claim 77 in which said means of agitating is a means 
selected from the group which consists of fixed fluidized bed vibrating grid, walking grid and 
rotary kiln. 

79. An apparatus according to claim 65, wherein the primary heat treatment chamber 
comprises a pressurized vessel. 

80. An apparatus according to claim 65 in which said halogenation chamber further 
comprises a means of agitating material. 

81. An apparatus according to claim 80 in which said means of agitating is a means 
selected from the group which consists of fixed fluidized bed vibrating grid, walking grid and 
rotary kihi. 

82. An apparatus according to claim 65, wherein the halogenation chamber comprises a 
pressurized vessel. 

83. An apparatus according to claim 65 in which the primary heat treatment chamber is 
placed horizontally, vertically or at any other advantageous angle. 

84. An apparatus according to claim 65 in which the halogenation chamber is placed 
horizontally, vertically or at any other advantageous angle. - - 



8 



REMARKS 



In an effort to put this application into condition for early examination before the USPTO 
Examiner, Applicant hereby incorporates into the specification as originally filed in the European 
Patent Office, the amendments made during the course of the international examination as well 
as substitute a new set of claims for the ones with this case as originally filed. 

It is believed that with these amendments the apphcation is in favorable condition for 
examination by the U.S. Examiner and its early allowance. 



ma0724ro.amd 

Anderson, Kill & Olick, P.C. 
1251 Avenue of the Americas 
New York, NY 10020-1 182 
212/278-1000 



Respectfully submitted, 




Michael N. Meller 
Registration No. 20779 
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HiGH EFHOENCY RECOVERY PROg SS AND APPARAITJS HDR TSE PYROLYSIS TREATM ENT AND HALO> 
j:^MATION O F M UUn^LEMENT WAg E~ T ~~ 

EIELD OF THE INVENT ION ^ 

The field of the present invention is processes fer treating and recovering a 
large variety of tj^fyes of wastes ^ cHemical treatment. 

BACgGBOTTND OF THE INVENTION 

The present recovery and xecyc3ing industry mnst use a defined feed stock 
as raw ■ma-fae^-r^aT in order to be processed. As a result, the recovery industry 
mxxst spend hnge resources in sorting its wastes storing and waxehotising> 
This is the main reason for the small qxiantity of waste which is actually 
being recycled, and the huge amount which is being dumped with 
catastrophic envirtaimental effects* 

Examples of the above are known and obviotis, such as special scrap 
collectors, scrap yard dealers, &r each s^ment of the indiistry - copper, 
alxuninnm, iron, steel, stainless steely noble metal etc in the recycling 
indtastry on the one hand, and the unlimited amonnt of waste being 
dxunped by the sodety evea^^day, on the oth^ hand 

However, the recs^ding industry is dedicated mainly to the indnstcial 
waste, which is well sorted and ldenned to eadi element. In the event that 

■ y 
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tlte scrap is made of diferent elements ox metals^ cheap labor is needed in 
order to dismantle the different components to the di^erent metals. 
Examples are foxmd in ship scrap, aircra^ caars and mimicrpal waste. The 
main problem is, that this process xeqiaires cheap manpower that have to 
wad: in difficult and' hazardons conditions. It has been proven in the 
developed conntries, that manual or automated sorting and dismantling 
systsms axe usually not economical ly fea^le and are therefore not a 
va3id soliition for treatment of most of the mixed wsiste. 

Indeed many industries do address this issue by constructing: eqng)ment 
which mates recycling' ea?y by use of the g^tgmn7if:1fng methods, such as 
used in the automobile industry etc. However, due to the use of many 
complex materials and the sophistT.ca-don of parts it becomes almost 
impossible to refuse these parts or repair them. 

The only system that treats unsorted waste, to any degree is the 
MuTTiripal Incineration system, and even then, the waste must not be 
contaminated by industrial or Hazardous waste, in this system the waste 
is being introduced into fiiraac^s and incinerated at elevated 
temperatures, wiiere hot gases usually produce steam and or electricity, 
This system actually recovers onfy tiie energy of the organic matter via 
oxidation - indneration. AS the inorganic waste remains as asli or sludge 
and is usualfer placed in a conlarolled landfOl, 
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There axe some other sy^ems that have been developed to recover 
identified elements from identined feed stx^ck - waste, via different 
systems, such as molten metals* extraction or dblorination methods. For 
sample, Adelman et'aL (Proc. Iowa Acad. SdL (1980) 87 (4), ppl29-133) 
discloses the production of ahrminTim chloride and silicon chloride from fly 
ash. In this Siystem xecoveiy of Al, Si, Fe, and Ti via chloxixiation reaction 
an a gas flxddked hed reactor is used, to convert the metal in the fly ash to 
volatile metal chlorides. The best yields are achieved when CO and fluid 
coke are iised as rednction agents. Typically 0*5 • 2 hoitrs of chlnrination at 
temperatures of 7o0 - 900 degrees to prodiace volatile metal chlorides* 

Bnmet et aL (Dniv. Sy., InsL Min. Miner. Ses., [Tech Eep,] IMME (1997), 
IMMS 32-M4r77, Proc. * Ey. Goal Eefuse Disposal UtiL Semin., 3rd 83-S) 
discloses a high teinperattire dhlormation method of recovering AlgOs from 
the non-magnetic jBraction of fly ash, in wlmih the non-magnetic firaction of 
fly ash is mixed with C and chlorinated in a feed bed- The residual Fe in 
the ash can he removed as volatile Fe chloride at 400-600«>C, with very 
little AI and Si reactioru The temperatnre is than raised to 8o0'950*^C 
where a mixtnre consisting mostly of volatiie Al and Si chloride &rms- 
When the vapors axe cooled, sohd AlCJk condenses at 120-50«>C- The SiCU 
remains in a vapor state dne to its low condensation temp* The SiCl- can 



WOW/37S23 



9T0121 



oxivzZin 



wo 99/37823 PCT/IIJ9!A}0045 

be easily decompotmded to form SiOa aaad Hd firom wMch the CI is 
receded. 

Most wastes contain more than one element and several unknown 
contaminates. Most wastes contain both organic and non-organic elements. 

The organic waste materials are in most cases a njisttire of varions ^Ttafnft of 
moleculeis together wilii vaiioxts elements incozporated, as" well as other 
non-organic materials, and are usnally diSBiculfc in recycling, and tliey create 
environmental prohlems- 

Ghlormation of organic material can produce hazardous, toxic and 
eancerons elements. 

It is a ptttpose of the present invention to provide a process for destruction 
of hazardotis and/or tosdc indtistrial waste in which the toaic and/or the 
hazardous componnd waste is reduced into less tosic, or non to^dc raaterial, 
and/or less hazardbns or non hazardotis material, and tihe size and quantity 
of said waste is also rednced- 
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It is a fcrfcher -purpose of the present invezitioii to pxovide a self-catalytic 
process in wMch the matter that exists m the coxapoimded waste is 
converted and tised as a catalyst in a subsequent reacfcioiL 

It is a &rther ptirpose of the present invention to provide an energy 
recycling process in which the energy prodnced hy one chemical reaction' is 
consumed in a snbseguent chemical xeacfcioiL 

It is a further purpose of the present invention to provide a wide range 
recycBng process in which almost any waste can be treated: organic^ 
npn-K)rganie, metalKc or non-xaetalKc, sorted or even xmsorted* 

It is a further ptrrpose of the present invention to provide a recycling process 
suitable fer recovering the basic elements of the waste introduced thereto^ 
thxis obtaiamg valuable and xiseM material 

STTMTVTA W Qp THE INVENTIOK 

The present invention relates to a high efBcient recovery process fer the 
treatment of mialti-element wastes which comprisss the steps o£ 

a) heat treatment of Hib waste in the presence of a controlled 
amount of Oixygen; 

b) halogenation' of the product of step "a"*; and 

c) separation of the metal halide products of step *T3''. 
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The term "cafboimiation* used herein is de&aed as aa qperatioii in widch 
organic material is siabjecfced to Mgii temperature in iixe presence of a 
limited amoimt of oxygen, restiltiiig in the decomposition of said material* 
and affording, inter oHa, carbon, CO and CO2. 

The heat treatment described in the above step "a** may be referred to 
hereinafter as *^rimaxy heat treatmentf . 

Optionally, when necessary, the raw mechardcally prepared in a 

process which inchides any of the steps of shredding, ctiKhing, miHivg and 
briquetting, prior the step of primary heat treatment. 

Preferably the primary heat treatment is performed at a temperature of 
less than abont lOOCPC. 

Preferably, dnring the primary heat treatment^ the waste is agitated- 

Preferably, the primary heat treatment is carded out in such a way that 
any one or more of the actions selected from the group which consists of 
evaporation of water and/or organic material, carbonization, destruction 
and/or cracking of organic material, and rednction of metal osides to 
metals and/or metal carbides, are achieved. 
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Acco3rditLg to another embodiment of the present iuventdon, the piimazy iiaat 
treatment is carried out under atmospheric pressxcre or lu^er pressures, 
optionally in the presence of gases, preferably hydrogen, capable of caraddng 
the organic or inorganic materiaL , 

Preferably, the halogenation reaction is conducted with mechanical 
movement between tibe gaseous halogen and the waste, as fixed flxddized 
bed vibrating or in walking grid or in rotary Hbi. 

Preferably^ the halogenation reaction is a chlorination reaction, a 
bromination reaction or a combined r!Wo7^x^atfnri-byoTi7inaf:70Tr reaction^ and 
more preferably a cShlozination reactiorL 

Preferably, the halogenation reaction is performed at a temperature in the 
range between ambient temperature and 150O>C, more preferably between 
TOO^CandTSO^'C. 

Optionally, the halogenation temperature may vary according to the boiling 
or sublimation point of the metal halide products, as will be hereinafter 
explained. 

Preferably, the separation of the halide products (step ''c'* above) is by 
means of any one or more, or any combination of operations selected from 
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the group consisting of gaseotis or Kqiaid feactional deposition, distillatioii, 
fitration, selective chemical ^por depo^tion (heremaffcer CVB), settliiig^ 
selective oxidatioii, seledave halogeiiation, selective dissolntion and 
selective exfcractiDii, and more preferabfe^ By means of gaseotis firactional 
deposition. 

Optionally, when desired, the separation stage may he followed by a 
pnrification procedure for each of the separated prodncts, to remove - 
impnrities there&ortu 

C^tionaHf , ^ portion of the heat energy possessed hy iiie product material 
of the p2imary heat treatment may be used in the halogenation, e^g,, said 
prodnct of the primary heat treatment may he transferred firom the 
primary heat treatment chamber to ^e halogeziation chamber when hot^ 
and the halogenation reaction may be started shortly afterwards^ and 
thxis it is required to heat the material of the halogenation reaction 
merely firom the temperature which it is at, and is sxifastantially higgler 
than , e.g., room temperature* 

Optionally, the activation of metals in the halogenation reaction m^y be 
catalysed by the introdnction of the carbon product dnring the primary 
heat treatment and/or of untreated fhie-gas including e-g- bromine. 
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carbon, CO, CO2 and SO^ and NOx compotmds &om the piimary lieat 
txeatment chamfaer into tibe halogenatloii chamber. 

The present inventioji further relates to an apparatus by which s^ch a 
xecoveiy process is perforzoed, which comprises a primary heat treatment 
chamber, a halogenation chamber and a separation tinit; said primary 
heat treatment chamber comprises a waste inlet, a fliae-gas onHet and 
means of heating, and is preferably connected to said halogexLation 
chamber by means of a condnit, which comprises a valve; and said 
halogenation chamber comprises a means of controlled heating, a halo^n 
compound inlet and optionally one or more ontlets to withdrawn gas, 
fiqnid or solids therefeoro; said apparatus furflier comprises a separation 
system comprises one or more of the fellowing units, or any combination 
thereof selected feom the group consisting of Pactional deposition ractit, 
distOler, filter, CVD nnifc, setder, selective oxidatiDn chamber, selective 
dissoliition unit and selective halogenation system; said nnit or nnits 
optionally being in contact with the ontlBt of said halogenator by means of • 
acondnit. 

Preferably, said separation system is a gaseous fractional deposition 
system and is connected to the oiitlet of said halogenator, by means of a 
condnit. 
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Preferably, said fractional depositioii ^stem compiises one ox more 
depositioiL cohrmi^ wiierein e^ch colimm comprises means of rna i ntainra g 
the temperature thereof at. a pre-deterroined level; said firactiozxal 
deposition system ferther comprising an oxctfet p^e. 

According to another preferred embodiment of the present invention, tixe 
separation system is a CVD system comprising one or more heated or 
chilled elements allowing tiie deposition of the specific metal halide 
vapors thereon, 

Preferably^ said outlet p^e comprised in the Pactional deposition system 
is connected directly to the halogenation chamber. 

Optionally, said apparatus farther comprises one or moere ixnits which can 
perform one or more actions selected from any of the grox^i which consists 
of shxeddfa^, cmsidng, mi11iixg:> sludge briqnettiiig, feeding and dosing or 
any combination thereo:£ said tmit being connected to the iiilet of said 
primary heat treatment chamber and/or to the inlet of said halogenation 
chamber by means of a condniL 

Preferably, said apparatus fairther comprises an additional heat chamber, 
referred to hereinafter as secondary heat chamber^ a heat exchanger, a 
scnibber a filter, a blower and a stack; said additional heat chamber 



oxxvzzai 



wo 99/37823 " FCmLS9m043 

comprising a means of heatiag, a gas inlet and an air iaalet, and a fine gas 
otitlet; said gas inlet of said secondary heat c&amber l>eing connected by- 
means of a condnit to the fine gas outlet of said primary heat chamber; 
said heat exchanger compxisiag bxk inlet and an otttlet; the fine gas outlet 
o£ said secondary heat chamber being connected by means of a condint to 
the iailet of ^aid heat asehanger; said scrubber comprising an inlet and an 
outlet; the outlet of said heat exchanger being connected, by means, of a 
condint to the inlet of said scrubber; 

Preferably, said apparatus further comprises a filter, a blower and a stack; 
said filter comprising an inlet and an outiet? the outlet of said scrubber 
being connected, by means of a conduit to Ihe inlet of said filter; said 
blower comprising an inlet and an outlet; the outlet of said filter being 
connected, by means of a conduit to the iislst of said blower; said stack 
comprising an inlet and an outlet; the outlet of said blower . ben:^ 
connected^ by means of a conduit to the inlet of said stack. 

Preferably^ said scrubber and said filter are cotinectedto the halogenation 
chamber by means of a)nduitS5 to recycle material recovered and collected 
by said scrubber and filter to said halogenation chamber. 
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DESCRIPTION OF THE INVENTIQN 

The present inventioii relates to a Ligk efSdent process for the treatment 
of wastes which is applicable in treating mixfcares of waste. Said mixtiires 
consisting o£ a very wide range of jdhieroical elements and compounds, 
organic and non-organic, in diSerent physical forms, snch as solid, liqmd 
and gas. Said process comprises the following steps: 

a) Prrmarv heat treatment of the waste: 

Said stage optionally includes evaporation of water, evaporation and 
caxboni55ation of organic 'matters from i3ie waste in a controlled osygen 
atmosphere preferably at a temperanire of less than 1000**C, or in metallic 
molten hath, said bath preferably being at a temperatxnre of between SOO'^C 
and 1600®C, In the presence of hazardotis waste, a secondary combustion 
chamber wiH destroy all remaining crgardc matters in the fine gas at a 
temperature of anore than 1200*G at minimiTm. of 2 seconds retention time- 
The priinary heat treatment is conducted at a controlled osygen level, 
thus, it may produce controlled and reduced metallic oxides and exchange 
or reduce the oxygen lay^r with carbon, and produce carbon residue which 
acts both as a catalyst in the halogenation reaction and impregnates into a 
portion the metal phase at elevated temperature which aH will feic2itate 
the halogenation reaction. 
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In order to imparave the productivity of the process according to the present 
mvention and to render it ecologically ficiend^; the Sae gas evolving from 
said piitnaiy heat treatment, which typically contains ce3rtain amoimts of 
low temperature vaporized mateidal, is subjected to an air ptcrification 
procedxire, according to techniques Imown in the art, which axe preferablfer 
selected firom scmbbing Stration, to recover the desired materials 
from, the fhie ash, which materials are recycled and processed in the 
snbsequent halogenation stage. 

h^ TTaln^-natjoa of the t>rodud: of the heat treatment: 

Material present in the remainder of the waste and optionaDyj from other 
soxrrces as well, and in particular^ recycled material obtained xrpon 
recovering the fine gas by scnibbia» and filtration, as described above, 
which may inchide metals, metal carbides, metal osides, other inorganic 
material and possibly traces of organic material is halogenated at a 
temperature between- ambient temperature and 1500°C, prefei^ly 
between 300*C and 1500*^0, and more preferably between 700*0 and 
7oO°C, The carbon remaining in the waste, together wit2i additional 
carbon, if xegtiired, acts as a catalyst in the halogenation. Preferably, the 
halogenation reaction is a chlorinatiQn reacdon, a bromination reaction or 
a combined chlorination-bromiD^tion reaction, and more preferably the 
halogenation reaction is a chlorination reaction. Preferably, all of the 
above halogenation reactions are preformed in the gaseous phase. 
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The halogen y^tioix reaction xaay be conducted witli vatioxis mechanical 
apparatus suck as fhndized bed, vibraiiag grid, waTMng grid, Mtary Hin 
aud multi chaapher. 

The pximaiy heat treatment chamber and/or the halogenation cha32iber of 
the present invention may be each independently be placed hbrizontaliy, 
vertically or in an angle- 

According to one preferred embodiment of the present invention, 
hereinafter referred to as "selective hategenation", the halogeioaldon 
reaction is carried out at a first temperature at which only some of the 
Waste materials undergo reaction with the halogen, and upon separating 
the halides obtained, the temperatmre is varied and the halogenation of the 
remaining waste materials is completed, or partially completed, at a 
second temperature. 3f desiced, the temperature is farther varied and the 
procetdure is r^Bpeat^d as many times as required. According to another 
preferred embodiment, the halo^nation reaction is conducted at a 
temperature at which the balides are obtained in diffearent states of 
matter, e^», at a tempeirature in which one or more halides is a gas, and 
one or more of t3ie other halides is a liquid or solid* One sHIled in the art 
win appreciate that m the two einbodnnents described above, the 
halogenation temperature is an important paramet^ playing a role in 
accomplishing the separation of the halide products. 
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c) SCTaration of the halida -products: s ucfa. a separation can be preferably 
done by means of any one or more, or aay cambinatinn of jseparattions 
selected firom the groiaip masisting of gaseons or Eqxud firactional 
deposition, distEQatioii, filtration, settling, selective osidation, selective 
halogenation, selective evaporation^ selective dissolution, selective 
extraction, selective chemical vapor deposition, selective electrical behavior 
and more preferably by means of gaseotis firactional deposition (see, e,g, 
Zelickman Nikrtiaa UL Moscow 197S), 

Gaseoiis firactional deposition may be performed passing: all the volalnle 
chloridBS, MxCly, through one or mcare soEdifying col nmns . Each has "a 
temperature controlled system that maintains aecxirate conditions of e,g. 
temperattire. The halide with the highest solidifjang temperature solidifies 
in the first colnnm, whereas the remainder of the halides in the gaseons 
phase pass to the nest a>lamns for farther solidi^dng^ In each solidifsdng 
column, there will be one or more definite halide materials* The resolution 
of the separation depends on the accuracy of ^e solidifying temperature 
and pressnre control, and the dynamics of the gaseous fiow. The solidified 
hahdes of each, osltmm may consist of the soEdi^dng of several halides 
which axe farther separated, preferably by recycling each gronp of halides 
solidified in a certain colmnn to the gaseotis firactional deposition system, 
wherein accurate conditions are used to improve the resolution of the 
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separation of the italides wHck have relatively dose solidificatioii 
temperatiures* The substasatialfy defcsifce halides obtaiBed thereby axe 

4. 

subsequently preferably pixrtSed, to remove impudties tkerefixun. lite 
final separatian and pimficatioa steps may be accomplished using known 
technologies of hydrometaHnr^ and others, snch as fcrming: a solution ia 
water or other liqnids and ffltration, solidification, CVD, - eta (see, e-g. 
ZeBckman AJ^T. MMtina LX, Moscow 1978) 

According to a preferred emhodiment of the inventio3i, the separation of the 
halide prodncts comprises selective halogenation, selective evaporation and 
selective condensation, in any siaitahle sequence order and as many 
seqnences as reqmred. According to one preferred embodiment, the 
halogenationis carried ont at a first temperatore at which onJ^ some of the 
waste roaterials are converted to halides (selective halogenation), which 
halides, at said first temperature, are preferahty in different states of 
matter, e-.g-, some halides are in the vapor phase while otifciers are in a 
condexised phase (selective evaporation). The evapoarated halides are 
removed from "Gie reaction mixture, and are sxibsequent^ separated^ 
preferah!^ nsing the diferences in their condensation temperatures, e.g*, hy 
gaseous fractional deposifdon (selective condensation) and optioxxalJy, 
additional methods known in the art- The reaction mixture, compr5sia.g 
non-evaporated halides together with waste mateidals which were not 
halogenated at said first temperature, such as glass and ceramics, is 
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subjected to another separation procediire, to separate the non^evaporated 
haHdes thezefcom, using methods known in the art, for example, methods 
based on the differences between the water sdubilicy of said non-evaporated 
haKdes and the non-halogsnated waste materials. Finally, the 
non-halogenated waste materials are reacted with halogen at a second 
temperature, preferably between 900-1500 degrees, or are separated by 
ImowxL hydrometaHiirgy technologies (see, e.g. Zelickman AJN. IvEkitma LX, 
Moscow 1978). 

Optionally, the raw waste and^or the product of the piimary heat treatment 
is mechamcalty prepared in a process wMch incliides any one or more of the 
following steps: 

i) mechanical shaping o£ solid waste into pieces of a size to suit 
farther eqaipment and productivity. 

i^) . crushing and/or mining of waste; 

iii) hriquetfcing of sludge 
According to one embodiment of the present invention, a mixture of l%-7% 
biromine in chlorine is x^ed in the halogenation stage in the event that noble 
metal atoms or compounds such as Ag, Pt and Pd are present. 
It is preferable to esecute the primary heat treatment at a low as possible 
temperature in order to substantially redtice the evaporation of metals at 
said stage and thus reduce particle emission and to obtain an improved 
recyding ef&dency. 
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Diirmg the process of the present invention it is desirable to control 
parameters such sis temperature of primaxy heat treatment and of 
halogenation,. mass flow to, from and in the piimary heat tareatment 
chamber and halogenator in order to achieve higher efficiency. Hiiis, the 
waste movement into and in the primary heat treatment chamber m^y be 
adjusted in order to improve evaporation of water and/or organic material, 
carbonization, destruction and/or craddng of organic material and reduction 
of metal osides mechanical reduction of the waste* The temperatores in the 
primary heat treatment chamber may be adjusted in order to obtain more 
efficient reaction wtth carbon, and its diSusion; the waste movement in the 
halogenator may be adjusted in order to achieve more efBcient 
halogenation; the air flow in the primary heat treatment chazhber may be 
adjxisted in order to achieve an optimal caxhomzatian, organic destructioxi, 
cracking, metal oxide reduction and halogenation. The chlozination chamber 
teinperature may be adjusted in order to evaporate material having low 
boiling point or sublimatkai point and later material having higher boiling 
point or sublimation point, thus performing separation thereo£ 

Furthermore, the air flow in to the primary heat treatment chamber may be 
regulated in order to produce carbon in quanffies required &r optimal 
halogenation* 
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An advantage of carbonization restilting in iacompiete combustion over that 
xesnlting in complete coinbiistiQn is that the former results in less gasses 
than the latter, most- of. the or^nic matter is cracked into carbon and 
hydrogen moleciales, the &rma1ion of CO and CO2 molecides is sxibstantially 
reduced. The gas fiow in incomplete coxnbnstion is reduced in temperature, 
volume and velocity, which substandaDy reduces the particle emission and 
simplifies the treatment of the flue gas which consists of heat exchanging, 
heat recovery and emission control The lower temperature reduces , the 
amotmt of volatile inorganic matter in the flue gas. The lower velocity of the 
gas flow reduces the amoxmt of particles drawn. The substantial reduction 
of in-fbw of air usually reqnired for said incomplete combustion c^n reduce 
the amount of emitted fhie gas. The volatile organic matter only, can be 
farther incinerated in the secondary chamber, however, said gas will 
require less oxygen for its inrrfneration and will be almost free of 
non-gaseoi4S particles* AE the above renders the system moace environmental 
friendly especialfy regarfeg the "greenhouse efecif . 

3n the event that any of the various feactions of the metal halides which 
were deposited in the fractional deposition contains a misture o£ halides, 
said misttnre may be forttier separated and purified by known 
hydrometalurgy technologies and by &rther fractional deposition of higher 
resolution. 
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Most of the waste is recycled by decomposing the material to its basic 
elements or their halide / oxide derivatives. 

The process of the present inventioii being se!f-cataly2©d, reqtiires little or 
no addition of material fer the piirpose of catalysis* According to the present 
inventiDn, nse as catalysts in the recyeHng phase, is made of elements which 
exist in most of the wastes to be treated, thns the introduction of catalysts 
per 5e to the process is minimized* 

BRTRT? TmRCTRTP nON OF Tg K nT^AWrNG 

Fig. 1 schematically' illxistirates an apparatus fi>r a high efficient process for 
the lareatment of multi-element wastes accorcBng to the present invention, 

T^TCTATT.Tm nTCfinRT PTION OF PKEFERREH y.T\mnT^TTVTOTCTR 
According to one erobodiment of the present invention, the scrap to be 
treated is inserted to a shredder, 1, and shredded th^erein- The shredded 
scrap is loaded by means of a ram loader, 2, into the rotary heat treatment 
chamber, 3, and the primary heat treatment is performed therein* The 
gaseous material eadtiag the primary heat treatment ciianiber flows to the 
secondary combustion chamber, 5, where all xoatters are combnsfced at an 
elevated temperature. Additional air is introdnced throng^i regulated vent 
(17). The hot fiue gas flows to the heat esrh^TTger (8) into which water is 
introduced through conduit CO J^nd withdrawn as a hot stream through 
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conduit (18). The chilled flue gas passes through scnabber (6), where any 
gaseous emission is absorbed by caiistic or lime. The fiue gas further 
passes through the filter bag (4), to re3tnove any particles. The filtered fhze 
gas is released to the atmosphere by, means of blower (19), through stack 
(20)- The fbimation of high pressxure within the system is prevented by 
means of valve (17) and blower (19), The non-gaseous material remaining 
firom the primary heat treatment and the material recovered by the air 
purij5cation procedure, Le., the particles collected in the filter ba^ and the 
scrubber residues, are introdiaced into the halogenation chamber, 9, 
through vahre, 21, which is closed during the halogenation reaction. 
Halogen compounds such aB chlornie, biromine or a mixture thereof are 
introduced to the halogenation chamber via conduit 10. Condensation 
columns 11, 12, 13, 14 and 15 are maintained accurately at temperatures 
Tx. T^, Ta, T4 and Ts, accordingly, under the condition that Ti>T2>Ts>T^>To, 
and at an accurately controlled pxe^xn:©. The gaseous product of the 
halogenation reaction is passed through said condensation columns, and 
the metal halides deposit thereon according to their characterized 
deposition temperature, and are collected and thus separated. The 
remaining gas which comprises excess halogen gas exits the apparatus 
throiigh condtdt 16. The non-gaseozis material which remained in the 
halogenation chamber is collected and separated if required. Said 
remainihg gas of the halogenation reaction may be recycled back into the 
halogenation chamber. 
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Axxoardiag to a preferred embodizaent of the present irrventioa met^ 
scrap/waste is reduced to a size titat can be introdijced to tlie egtc^ment* 
Organic waste is treated in a controlled atmosphere or in a molten metallic 
pliase with an oxygen deficiency in order" to maintain carbon particles 
which win sear^e as '^catalysts and also reduce the oxide layer on the 
metallic waste. The gas streams pass through an air-controlled abatement 
system. The heated inorganic waste or the molten mixture with carbon, if 
necessary, are then fed to a halogenation reactor either - vertical^ 
horizontal, fixed or fluidised bed. Additional carbon is introduced if needed. 
The carbon residue firoxrx the incineration process is used as ia catalyst for 
the halogenatibn process. 

According to a preferred embodiment, most of the metallic scrap is oxidized 
after a certain time of bdng exposed to the air, humidity and sun. This 
causes a problem to the extent that the oxide layer acts as a passive layer 
which deactivates the chlorrTiation process. Said problem can be solved 
according: to the present invention by the controlled incineration with 
oxygen deficienqr at elevated temperatxires of between 300*C and lOoO^C, 
preferably between 800*G and 850^C, Thus, in the presence of a sufacient 
amount of carbon in the incinerator^ the metal osides and carbon may be 
converted to metals and CO and CO2 according to the following empirical 
formula: 

MocOy ^ C — > M C0^C02 
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According to a preferred embodiment the iiot gas ftom secondary 
comLiistion cfaamber may pass thxoti^ a heat reccr^ery system xtamel^ a 
waste heat boiler, in widch lie energy is converted into steam and may 
produce electrical energy. 

According to a preferred embodiment, use is made of bromine and/or 
bromine derivatives to accelerate chlorination of metals, especia3^y noble 
metals* 

According to ozie preferred embodiment, a portion of the fhie gas exiting the 
prirnfTTy heat treatment chamber or a portion of the flue gas esiting the , 
secondary beat chamber. are introduced to the halogenation cbamberr Thus, 
ocsygen or catalysts such as SO2L5 NOi ai^or carbon componnds, may be 
recycled* 

According to a preferred embodiment of the present invention, the gas flow 
resulting subsequent to the feacdonal deposriion process, wiicb contains a 
high percentage of halogen gas, 32iay be recycled back into the halogenator. 
^AMPjLES 

Example 1 

500 Grams of xoisorted automobile scrap was introduced to the process of 
the present invention as ibHows: At first said scrap was shredded to pieces 
of a length of approximately lOmm. Said pieces were carbord2:ed (in the 
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abseiice of osygen) at a temperature of between 600<»C-700°C &r about 1 
boiir. Table 1 shows the content of said scrap be&re and after carbonisation- 
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Table 1 



The carbonized material was firrther chlorinated at a temperature of about 
750oC, and the various metal chlorides were separated. Table 2 shows the 
content of the material aSer the chlorination reaction • 
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Table 2 



600 Grams of crushing eiectromc scrap was introduced to the process of the 
present invention as jbllows; At first said scrap was shredded to pieces of a 
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lengtli of appxasmiate]y lOmTn. Said pieces were caxboiuzed ^ the absence 
of tyxyg&n) at a temperature of between 65(fi€^700°C &fr about one lionr- 
Table 3 shows the content of said scrap before and after carbomzatiDn. 
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Table 3 



The material treated by means of primary heat treaiment was chlorinated 
at a ■temperature of about SSO^C &r aboiit 3 homSy and the various metal 
chlorides were s^arated. Table 4 shows the content of the material affer 
the chlorination reaction. 
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Table 4 
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Example 3 

200 Grams of mistttre of speat cataiyst waste were introduced to the process 
of the present iaveaxfcion as follows: Said waste was treated by means of 
piimary heat treatment, in the absence of o::^gen, at a temperature of afcoixt 
650°C &r about 1.5 hours. Table 5 shows the content of said waste befere 



^d after primary heat treatment. 
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Table 5 



100 Grains of the calcinated material were chlorinated at a temperature of 
about 700°C, for aboixt 2 hoircs, and those firom among the varioxxs metal 
dbkaddes which were evaporated at said temperature, were removed &om 
the reaction mixture and snbseqaently separated in condensation cplinnns, 
dne to the difierences in their condensation temperature. Table € shows the 
content of the material after the chlorination reaction. Altematdveiy, the 
evaporated metal chlorides may be all condensed at 20^C on one column, 
and may be subsequently jseparated upon raising the colttmn temperaturO:, 



due to liieir differences in their evaporation temperature. 
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Table 6 
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Tbe reniaimng residue in the cJibrinator comprised a non-evaporated hnlid e 
(CoCJIa) and two osides, wHch did not undergo cfalorination Bt IOQpC. The 
C0CI2 was separated from Si02 and AkOz. e.g. according to the prmcQ)le of 
differences of solubility in water as. described in the &flowing equation: 



CoCk + Si02 * AI2O3 -H H2O — > H2O (Co^ -F.2a-)aa ^ SiOz i^m * AbOa (solid) 



The remaining Si02 and AJbOa were introdnced to a dblorination chamber at 
950*>C and w^ converted to AICI3 (iSg) and SiCa4 (32g)- 



Egamnle 4 

The primary heat treatment of Example 3 was repeated^ and lOOg of the 
material treated by means of primary heat treatment was chlorinated at a 
temperatare of abont 900°C, £>r about 1.5 honrs, and the varions metal 
chlondes were separated- Table 7 shows the content of the material after 
the chlorination reaction. 
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A mixture of lOOg of Mckej-CadmiiiTn batteries was introduced to the 
process of the preaent invention as follows: At first said scrap was sliredded 
to pieces of a length of approximately l-ocm* Said pieces were calcinated 
the ahsence of oaygen) at a temperature of about 650»C» for about 3 hoxzrs. 
Tabla 8 shows the eontent o£ said scrap before and after primary h.eat 
treatment 
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Table 8 



Ilie material treated by means of primary heat treatment was chlorinated 
at a temperature of ahont 650»C, for about 1.3 liotirs, and the various metal 
chlorides were separated. Table 9 shows the content of the material after 
the dblorination reaction. 
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Table S 



While some embodiments of the invenHon have been fllustxated, it will be 
dear that the invention may be carried out by persons skilled in the art 
with many modifications, variations and adaptations, without departing 
from its spirit or exceeding the scope of the claims. Thns, e.g., the invention 
may be applied to scrap or apparatus dinerent nrom that herein described. 



oxxvzzni 



-29- 

CLAIMS 

1) A high efficient recovery process for tlie treatment of miOti-element 
wastes which comprises the steps ot 

a) lieat treatanent of the waste in the pr^ence of a controlled 
amount of oxygen; 

b) halogenatkm of the product of step "a"*; and 

c) separation of the metal haiide products of step 

2) A process according to daim 1 in which said mialti-element waste is 
xmsorted. 

3) A proce^ according to daim 1 in which the waste to be recovered is sudx 
that, has been mechanicaliy prepared in a process which indndes any one or 
more of the steps of shredding, crii&hing, mlliiig andbriqnettiiig* 

4) A process according to daim 1 ia which said primary heat treatment 
ferther comprises mechanicalfy agitatiag the waste during said treatment. 

5) A process according to daim 1 in which tiie primary heat treatment is 
carried out in sudfci a way that any one or more of the actions selected firom 
tie group whi c'b consists of evaporation of water and/or organic material, 
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cafbomzatioii, destxuctiDn and/or crackirtg of orgamic material, and 
redxictioii of metal oxides to metals and/or metal carbides, are achieved. 

6) A process according to daim 1 in wHdb. the primary lieat treatment is 
carried otit imder atmospheric pressure or higher pressure, optionally in the 
presence o£ gases, preferably hydrogen, capable of cracking the organic or 
inorganic niateriaL 

7) A prbcess according to 61aini 1 in which the halog^nation reaction therein 
is selected &om the group which consists of chlorination, broimnatibn, or 
chLorxnation and bromination* 

S) A process acco^rfing to daim 1 in wMch at le^ a portion of the heat 
energy afforded in the primary heat treatment is used in the halogenation 
reactioiu 

9) A process according to daim 1 in wMdi at least a portion of the product of 
the primary heat treatment is used as a catalyst in the halogenation 
reaction^ 

10) A process according to claim 9 in wMdx said products to be used as 
catalysts are selected firom the grora which consists' of carbon, bromine, 
carbon, CO, CO2 and SOx and NOx compOTmds. 



oxxvzzai 



"WO 99/31^ 



-31- 



11) A process according to daim 1 wher^ tbe primary lieat treatment is 
performed ia an oveiL 

12) Aprocess accordmgto daim 11 wherein said oven is at a temperature of 
less than aboirt 1000*C. 

13) A process according to claim 1 wherein the pntnaTy heat treatment is 
performed in a metallic molten bath. 

14) A process according to daim 13 wherein said molten bath is at a 
temperatore of between 500^C and 1600^0. 

15) A process according to claim 1 whidi farther comprises a secondary heat 
treatment comprising heating the gaseons flow which results firoxn the 
primary heat treatment to a temperature of moi^ than 1200^C, 

16) A process according to daim 1 in whidi said halogenation step further 
comprises mechanically agitating the waste durmg said step* 

17) A process according to daim 1 in which liie halpgenation reaction is 
performed at a temperature of between ambient temperature and 150OC- 
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18) A process according to claim 1 ia wMdi tixe halogenation reaction is 
performed at a temperattzre of between SOO^C and ISOQOC, and preferably 
between 700^C and 7oCfiC. 

19) A process according to claim 1 in wMcb. tibte waste comprises a 
STibstanlial percentage of any of tbe metals selected from the group wMcb 
consiste of Ag, Pt and Pd, and the halogenatbn reaction is performed by 

, tising a mixture of bromine and chlorine, 

20) A process according to claim 19 in which said mistiire of chlorine and 
bromine comprises betwe^ 93% and 99% chlorine and the remainder is 
bromine. 

21) A process according to claim 1 m which at least a portion of the excess 
halogen gas remaining from the halogenation reaction is , recycled back to 
the halogenation chamber. 

22) A process according to claim 1 in which the separation of the metal 
haiides is by means of any one or more of the groi^ selected of gaseons or 
ligaid fiactional deposidon, distiOation, feactional distillation, filtration; 
selective chemical vapor deposition^ settHng, selective oxidation, selective 
halogenation, selective evaporation, selective dissolution and selective 
extraction. 
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23) An apparatus &r a Mg^h eSdent recovery process &r the treatment of 
mxxlti-eiement wasteSy wMch comprises a primary heat treatment chamber, 
a halogenatiop. chainher and a separation unit; said primary heat treatment 
chamh^ comprises a 'waste inlet, a fine-gas outlet and means of heating; 
said halogenation chamber co;aprises a means of heating, a halogen 
componnd inlet and an otxtIat« 

24) Aa apparatus accordii^ to claim 23 in which the fhie-gas outlet of said 
^rirnLary heat treatment chamber is connected to said halogenation chamber 
by means of a conduit, which comprises a valve. 

25) An apparatus accordii^ to daim 23 in which said separation ^stem 
comprises one or more of the units selected from the group which consists of 
fractional deposrtkoi nnit, distiller, filter^ settler^ selekrtive chemical vapor 
deposition unit, selective oxidation chamber, selective halogenatibn 
chamber^ evajKJration chamber and selective dissolution unit or any 
combination thereo£ 

26) A apparatus according to claim 25, wherein, the separation system 
comprises feacdonal deposition tmit or selective chenncal vapor deposition 
unit. 
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27) An apparatus accordmg to claim 25 ia wiidh said separating unit is in 
contact with tlie oixtlet o£ said iialogenator by ineans of a condniL 

28) An apparatus according to daini 23 in wimii said separation ^^em is a 
gaseous fractional deposition system; the inlet of wMch is connected to the 
outlet of sail halogeiiator, by means of a conduit. 

. 29) An apparatus according to claim 28 in wMdi the outlet pipe comprised 
in the firactioaaal deposition system is connected directly to the halogenation 
chamber^ and said p^e comprises a one-way valve in the direction from the 
fractional deposition system to the halogenation chamber. 

30) An apparatus accordmg to daim 23 which farther comprises an 
additional heat chamber and a heat exchanger; said additional , Heat 
chamber comprising a means of lieatmg, a gas inlet* an air inlet, and a flue 
gas outlet; said gas inlet of said additional heat chamber being comiected by 
means of a conduit to the flue gas outlet of said primary heat chamber; said 
heat eschai^er comprising an inlet and an oufJet; the flue gas outlet of said 
additional lieat chamber being comiected by means of a conduit to the inlet 
of said Keat exchanger- 

31) An apparatus accordirt^ to claim 30 which further comprises a scrubber, 
a filter, a blower and a stack; said scrubber comprising an iiilet and an 
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outlet; the outlet of said liaat escliaiiger being connected, "by meaxis of a 
conduit to the inlet of said scrubbei^ said fater comprisitig an inlet and an 
outlet; the outlet of said scTuhhex being connected, hy means of a condtdt to 
the inlet of said filter; said blower comprisLog an isilet and an outlet; the 
outlet of said filter being connected, by means of a condxdt to the inlet of 
said blower; said stack comprising an inlet and an outlet; the ondet of said 
blower being rannected^ by means of a condmt to the inlet of said stadL 

32) An apparatus according to claim- 31, wherein the scrubber and the 
filter axe connected to the halngenation chamber by means of conduits, to 
recycle material recovered and collected by said scrubber and filter to said 
halogenation chamber, 

33) An apparatus according to dsim 31 in which said filter is selected from 
the groTip. which consists of fabric filter, electrostatic filter, and high 
temperature filter. 

34) An apparatus according to ckdm 25 which further comprises any one or 
more of the units selected from the group which consists of shredder, 
crusher, r^iTl^ briqnetter doser, and sludge feeder, which are connected to 
the primary heat treatment chamber; providing that the outkt of the unit 
connected to the primary heat treatment chamber is connected to the inlet 
of said primaiy heat treatment chamber by means of a conduit; further 
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providing that in the event that said apparatus comprises two or more of 
the ahove xmits, said imits are connected succeedin^y, in any comfaiaation 
and/or order, and are connected so by means of condxdts. 

35) An apparatus accojrding to daim 23 which ferther comprises any one or 
more of the units selected from the grotg> which consists of shredder, 
crusher, Tnill^ bxiqnaetter, doser and sludge feeder which are connected 
between the primary heat treatment chamber and the halogenation 
chamherj providing that lite o^det of the mnt which is connected to the 
halogenation chamber is connected to the inlet of said halogenation 
dbamher by means of a condmt; ferthar providrng that the outlet of the 
primary lieat treatment chamber is connected to the inlet of the "unit which 
is connected to said prrntary heat treatment chamber by means of a 
coIId^dt; farther providing: that in the event that said apparatus comprises 
two or more of the above units, said units are connected succeedin^Jy, in 
any combination and/or order, and are connected so by means of condtdts. 

36) An apparatus according to daim 23 in which said primary heat 
treatment chamber further ramprises a means of agitating mat eri a l , 

37) An apparatxis according to daim 36 in whida said means of agrtatiag is 
a means selected firom the group which consists of fixed fhndiased bed 
vibrating grid, waltring grid and rotary 3dln. 
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38) An apparatus accordiog to daim 23, wiieroin the pzimary lieat 
. treatment chamber comprises a pressmi^sed vessel ' 

39) An apparatus according to claim 23 in which said halogenation 
chamber futrfcher comprises a me^ans of agitating material 

40) An appaxatos according to claim 39, in which said means of agitating is 
a means selected firom the group which amsists of fixed fhiidized bed 
vibrating grid, walking grid and rotary kiln. 

41) An apparatus according to claim 23, wherein the halogenation chamher 
compzises a pressurized vesseL 

42) An apparatus according to claim 23, in which the primary heat 
treatment chamher is placed horizontally, vertically or at any otiier 
advantageous angle. 

43) An apparatus according to daim 23 in which the halogenation chamber 
is placed horizontally^ verdcalfy or at any other advantageous ani^e. 
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